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TITLE OF THE INVENTION 

A DRIVE UNIT AND AN OPERATING APPARATUS 

TECHNICAL FIELD 

[0001] The present invention is related to a drive unit and 
an operating apparatus. 

BACKGROUND ART 

[0002] So far, a drive unit using an ultrasonic motor as a 
drive source has been known as a drive unit using for driving 
a displacing element (driven element) that carries out a linear 
motion or a rotary motion. 

[0003] This drive unit is adapted so as to transmit a 

vibration of a vibrating element which is excited by applying 
an AC voltage to a driven element, and hereby to displace (move) 
the driven element along a guide (for example, see Japanese 
Laid-Open Patent Publication No. HE I . 11-187678). 
[0004] However, since the conventional drive unit includes 
only one ultrasonic motor, it is impossible to obtain enough 
drive torque. 

[0005] Further, shakiness easily arises due to backlash or 
the like at a normal drive time, normal-reverse converting time, 
or the like, for example. Thus, this may make it impossible 
to move (displace) the driven element toward a target position 
accurately. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide 
a drive unit and an operating apparatus each having a simple 
structure and therefore having an advantage to be miniaturized, 
which can obtain a large drive torque. 

[0007] In order to achieve the above-mentioned object, in 
one aspect, the present invention is directed to a drive unit. 
The drive unit of the present invention comprises : 
a driven element; and 

a plurality of actuators for driving the driven element. 
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each of the plurality of actuators comprising an 
electro -mechanical converting element which applies driving 
force to the driven element when electric power is applied 
thereto, wherein the driven element is driven by cooperatively 
driving the plurality of actuators . 

[0008] This makes it possible to miniaturize (make thinner) 
the entire unit and make its weight lighter. Further, it is 
possible to obtain a large drive torque. Therefore, it is 
possible to select and adjust the drive torque in response to 
increase in a load (required driving force) easily and surely. 
[0009] It is preferable that the electro-mechanical 

converting element is a vibrating element containing a 
piezoelectric material. 

[0010] This further makes it possible to miniaturize (make 
thinner) the entire unit and make its weight lighter. Also, 
it is possible to obtain a larger drive torque. 
[0011] It is preferable that the vibrating element in at 
least one of the plurality of actuators is provided in abutment 
with the driven element so that the vibrating element applies 
force to the driven element by means of vibration thereof to 
drive the driven element directly. 

[0012] This makes it possible to reduce the number of 

components, and simplify the structure of the drive unit, and 
further to reduce a production cost of the drive unit. 
[0013] It is preferable that at least one of the plurality 
of actuators drives the driven element indirectly. 
[0014] This makes it possible to choose various designs, 
thereby expanding its versatility. 

[0015] It is preferable that the drive unit further comprises 
at least one moving element which works with the driven element 
and is in abutment with the vibrating element of the actuator 
wherein the vibrating element applies force to the moving 
element by means of vibration thereof so as to drive the moving 
element and thereby drive the driven element indirectly. 
[0016] This makes it possible to choose various designs, 
thereby expanding its versatility. 
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[0017] It is preferable that the moving element is a rotor 
provided rotatably. 

[0018] This makes it possible to operate the drive unit 
smoothly. 

[0019] It is preferable that the drive unit further comprises 
at least one decelerator provided in a power transmission path 
between the at least one moving element and the driven element . 
[0020] This makes it possible to obtain a further large drive 
torque . 

[0021] It is preferable that each actuator is an 

electromagnetic motor mechanism and the electro -mechanical 
converting element is an excited coil. 

[0022] Further, it is preferable that the driven element is 
a rotor provided rotatably. 

[0023] This makes it possible to operate the drive unit 
smoothly. 

[0024] It is preferable that the cooperative driving motion 
of the actuators includes at least one of a first mode in which 
at least two of the plurality of actuators are synchronized to 
drive the driven element , a second mode in which the driven 
element is driven with a phase difference between at least two 
of the plurality of actuators , and a third mode in which at least 
two of the plurality of actuators are driven in a differential 
manner to drive the driven element . 

[0025] In the case where the actuators are synchronized to 
drive the driven element, it is possible to increase the drive 
torque based on the number of the actuators . 

[0026] Further, in the case where the driven element is 
driven with the phase difference, it is possible to compensate 
(increase) the drive torque. In other words, by driving one 
of the actuators with the different phase even though the drive 
torque of the other actuator reaches the limiting value, it is 
possible to compensate the drive torque. 

[0027] Moreover, in the case where the actuators carry out 
a differential manner with each other, the countervailing power 
is generated between the actuators. Therefore, it is possible 
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to prevent shakiness due to backlash or the like (for example, 
shakiness during a normal drive or shakiness at normal -reverse 
converting time). Further, it is also possible to move (for 
example, rotatively move or linearly move) the driven element 
toward a target position accurately. 

[0028] In this case, it is preferable that the differential 
manner includes at least one of three modes which includes a 
first mode in which at least two of the plurality of actuators 
respectively have drive speeds that are different from each 
other to drive the driven element in one direction, a second 
mode in which at least one of the plurality of actuators is driven 
in the direction reverse to the drive direction of the driven 
element, and a third mode in which at least one of the plurality 
of actuators is in a non-driving state. 

[0029] In the case where the actuators respectively have 
drive speeds that are different from each other to drive the 
driven element in a same direction, the countervailing power 
is generated between the corresponding actuators. Therefore, 
it is possible to prevent shakiness due to backlash or the like. 
Further, it is also possible to move the driven element toward 
a target position accurately. 

[0030] Further, in the case where at least one of the 

plurality of actuators is driven in the direction reverse to 
the drive direction of the driven element, the countervailing 
power is generated between the corresponding actuators. 
Therefore, it is possible to decelerate or brake (stop) the 
movement of the driven element easily and surely. It is also 
possible to prevent shakiness due to backlash or the like. 
Further, it is possible to move the driven element toward a 
target position accurately. 

[0031] Moreover, in the case where at least one of the 
plurality of actuators is in a non-driving state, the 
countervailing power is generated between the corresponding 
actuators. Therefore, it is possible to prevent shakiness due 
to backlash or the like. Further, it is also possible to move 
the driven element toward a target position accurately. 
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[0032] It is preferable that the drive unit is constructed 
so that, when the driven element is to be stopped, at least two 
of the plurality of actuators are driven in the differential 
manner thereby stopping the actuators. 

[0033] This causes the countervailing power to be generated 
between the corresponding actuators. Therefore, it is 
possible to prevent shakiness due to backlash or the like. 
Further, it is also possible to move the driven element toward 
a target position accurately. 

[0034] It is preferable that the plurality of actuators 
includes a main actuator having a high output characteristic 
and a sub actuator having a low output characteristic, and the 
drive unit is constructed so that, in the third mode, the main 
and sub actuators are driven in the differential manner to drive 
the driven element . 

[0035] This causes the countervailing power to be generated 
between the main and sub actuators. Therefore, it is possible 
to prevent shakiness due to backlash or the like. Further, it 
is also possible to move the driven element toward a target 
position accurately . 

[0036] It is preferable that at least one of the plurality 
of actuators has an output characteristic different from that 
of each of the other actuators . 

[0037] This makes it possible to choose various designs, 
thereby expanding its versatility. 

[0038] In another aspect, a drive unit of the present 

invention comprises: 

at least two driven elements; and 

a plurality of actuators for driving the driven elements, 
respectively, each of the plurality of actuators comprising an 
electro-mechanical converting element which applies driving 
force to the driven element when electric power is applied 
thereto, wherein the driven elements are driven by 
cooperatively driving the plurality of actuators. 
[0039] This makes it possible to miniaturize (make thinner) 
the entire unit and make its weight lighter. Further, it is 
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possible to obtain a large drive torque. Therefore, it is 
possible to select and adjust the drive torque in response to 
increase in a load (required driving force) easily and surely. 
[0040] It is preferable that each of the plurality of 

actuators drives one of the driven elements. 

[0041] This makes it possible to easily respond to the case 
where the load (required driving force) increases. 
[0042] In yet another aspect, the present invention is 

directed to an operating apparatus. The operating apparatus 
comprises : 

a drive unit which comprises : 
a driven element; and 

a plurality of actuators for driving the driven 
element, each of the plurality of actuators comprising 
an electro -mechanical converting element which applies 
driving force to the driven element when electric power 
is applied thereto, wherein the driven element is driven 
by cooperatively driving the plurality of actuators; and 
a controlled element driven by the drive unit in a 
controlled manner. 

[0043] This makes it possible to miniaturize (make thinner) 
the entire apparatus and make its weight lighter. Further, it 
is possible to obtain a large drive torque. Therefore, it is 
possible to select and adjust the drive torque in response to 
increase in a load (required driving force) easily and surely. 
[0044] It is preferable that the controlled element includes 
a robot arm body. 

[0045] In a still another aspect, an operating apparatus of 
the present invention comprises : 

a drive unit which comprises : 

at least two driven elements; and 
a plurality of actuators for driving the driven 
elements, respectively, each of the plurality of 
actuators comprising an electro-mechanical converting 
element which applies driving force to the driven element 
when electric power is applied thereto, wherein the 
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driven elements are driven by cooperatively driving the 
plurality of actuators; and 

a controlled element driven by the drive unit in a 
controlled manner. 

[0046] It is preferable that the controlled element includes 
a robot arm body, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] The preferred embodiments of a drive unit and an 
operating apparatus are described below with reference to the 
appended drawings . 

[0048] Fig. 1 is a plan view illustrating a first embodiment 
of the drive unit according to the present invention. 
[0049] Fig. 2 is a cross -sectional view taken along the line 

I- I of the drive unit shown in Fig. 1. 

[0050] Fig. 3 is a perspective view of a vibrating element 
constituting an actuator. 

[0051] Fig. 4 is a cross -sectional view taken along the line 

II - II of the vibrating element shown in Fig. 3. 

[0052] Fig. 5 is a block diagram illustrating an example of 
a configuration of a drive control circuit for an actuator. 
[0053] Fig. 6 is a flowchart showing a control operation of 
the drive unit shown in Fig. 1. 

[0054] Fig. 7 is a flowchart showing a control operation of 
the drive unit shown in Fig. 1. 

[0055] Fig. 8 is a flowchart showing a control operation of 
the drive unit shown in Fig. 1. 

[0056] Fig. 9 is a flowchart showing a control operation of 
the drive unit shown in Fig. 1. 

[0057] Fig. 10 is a cross-sectional view illustrating a 
second embodiment of the drive unit according to the present 
invention. 

[0058] Fig. 11 is a plan view illustrating a third embodiment 
of the drive unit according to the present invention. 
[0059] Fig. 12 is a perspective view illustrating a fourth 
embodiment of the drive unit according to the present invention. 
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[0060] Fig. 13 is a plan view illustrating a fifth embodiment 
of the drive unit according to the present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0061] The preferred embodiments of a drive unit and an 
operating apparatus of the present invention will be described 
below with reference to the appended drawings. 

[0062] (First Embodiment) 

A case of applying the drive unit of the present invention 
to a drive unit for a robot arm, namely, a case of applying the 
operating apparatus of the present invention to the robot arm 
will be described as an example. 

[0063] Fig. 1 is a plan view illustrating a first embodiment 
of the drive unit according to the present invention. Fig. 2 
is a cross -sectional view taken along the line I- 1 of the drive 
unit shown in Fig . 1 . Fig . 3 is a perspective view of a vibrating 
element constituting an actuator. Fig. 4 is a cross-sectional 
view taken along the line II-II of the vibrating element shown 
in Fig. 3. 

[0064] As shown in Figs. 1 and 2, a drive unit 1 has a 
plate -shaped base (substrate) 2, and a rotor (driven element) 
4 constituting an arm elbow portion in a simplified robot, for 
example , which is rotatably provided in both normal and reverse 
directions with respect to the center of a shaft 3 on the plane 
of the base 2. One end of a robot arm body (controlled element) 
200 is attached (fixed) on the rotor 4, and the robot arm body 
200 rotates around the shaft 3 integrally with the rotor 4. A 
robot arm is constituted from the robot arm body 200 and the 
drive unit 1 . 

[0065] A first actuator 5A and a second actuator 5B are placed 
on the outer circumferential surface of the rotor 4. 
Hereinafter, the "first actuator" or the "second actuator" is 
referred to simply as an "actuator." 

[0066] The first and second actuators 5A and 5B rotate (or 
control) the rotation of the single (common) rotor 4 in a 
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rotational direction A (Al or A2 ) around the shaft 3 by 
cooperatively driving the actuators. 

[0067] In this regard, the term "by cooperatively driving 
(cooperative driving of actuators)" means that the first and 
second actuators 5A and 5B are mutually related (namely, they 
have a predetermined relationship). For example, a case in 
which the first and second actuators 5A and 5B are synchronized 
to rotational-drive the rotor 4 (drive the driven element), a 
case in which there is a phase difference between the first and 
second actuators 5A and 5B to drive the rotor 4 , a case in which 
the first and second actuators 5A and 5B carry out a differential 
manner (differential motion) each other to drive the rotor 4, 
and the like are taken as examples . 

[0068] In this case, as examples of "differential motion 
(differential manner)," a case in which the first and second 
actuators 5A and 5B respectively have drive speeds that are 
different from each other to drive the rotor 4 in a same direction, 
a case in which one of the first and second actuators 5A and 
5B is driven in the direction reverse to the rotational 
direction (drive direction) of the rotor 4, a case in which one 
of the first and second actuators 5A and 5B is in a non-driving 
state (resting state), and the like are taken. 
[0069] Installing arms (arm portions) 6 are protrudely 

provided on the first and second actuators 5A and 5B, 
respectively. These installing arms 6 are fastened on the plate 
of the base 2 by a bolt 7 each other, thereby holding the 
actuators 5A and 5B. The actuators 5A and 5B are arranged along 
an outer circumferential surface (in the circumferential 
direction) of the rotor 4. 

[0070] Each of the actuators 5A and 5B is constituted from, 
for example, a vibrating element (electro-mechanical 
converting element) 50 having a rectangular plate shape. A 
protruding portion 51 as a vibration transmission element 
(described later) is arranged on the vibrating element 50 so 
as to protrude toward the rotor 4. The protruding portion 51 
slidably abuts on the outer circumferential surface (abutting 
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portion) of the rotor 4 in a pressure-pushing state. 
[0071] The protruding portion 51 can slide on the outer 
circumferential surface of the rotor 4. Thus, the protruding 
portion 51 and the rotor 4 constitute a slide mechanism. This 
constitution of the slide mechanism makes it possible to prevent 
breakage due to application of an over load. 

[0072] The components of the rotor 4 and the actuators 5A, 
5B are unitized on the base 2 to be assembled. Each of the 
actuators 5A and 5B is arranged substantially on a same plane. 
This makes it possible to miniaturize the entire unit, in 
particular, make its thickness and weight thinner and lighter, 
respectively . 

[0073] Further, a rotary encoder 8 is arranged on the outer 
circumferential portion of the rotor 4 as a rotational amount 
detecting means (or displacing amount detecting means) for 
detecting the rotational amount (or displacing amount) of the 
rotor 4. 

[0074] As shown in Figs. 3 and 4, the vibrating element 50 
constituted by orderly laminating: four first electrodes 52a, 
52b, 52c , and 52d; a first piezoelectric element 53; a 
reinforcing plate ( simultaneously serving as a vibrating plate ) 
54; a second piezoelectric element 55; and four second 
electrodes 56a, 56b, 56c, and 56d. In this case, the first 
electrodes 52a-52d and the second electrodes 56a-56d are 
arranged so that the first electrodes 52a- 52d are respectively 
opposed to the second electrodes 56a-56d. 

[0075] The first electrodes 52a, 52c and the second 

electrodes 56a, 56c are electrically connected in series each 
other, thereby constituting first group electrodes 57. 
Similarly, the first electrodes 52b, 52d and the second 
electrodes 56b, 5 6d are electrically connected in series each 
other, thereby constituting second group electrodes 58. The 
first and second group electrodes 57 and 58 are connected to 
a drive control circuit (described later). 

[0076] The first and second piezoelectric elements 53 and 
55 are respectively disposed (fixed) on both faces of the 
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reinforcing plate 54. The first and second piezoelectric 
elements 53 and 55 undergo expansion and contraction in the 
longitudinal directions B of the first and second piezoelectric 
elements 53 and 55 that are rectangular by applying an AC voltage 
to the elements 53 and 55. 

[ 0077 ] Material to constitute the piezoelectric elements 53 , 
55 is not especially limited. For example, it is possible to 
suitably use various kinds of materials such as lead zirconate 
titanate (PZT), quartz crystal, lithium niobate, barium 
titanate, lead titanate, lead meta-niobate , polyvinylidene 
fluoride, zinc lead niobate, scandium lead niobate, and the 
like . 

[0078] Frequency of the AC voltage to be applied to the first 
and second piezoelectric elements 53, 55 of the vibrating 
element 50 is not especially limited. However, it is preferable 
that the frequency of the AC voltage is substantially the same 
as the resonance frequency of vibration (vertical vibration) 
of the vibrating element 50. Hereby, the amplitude of the 
vibrating element 50 becomes greater, and this makes it possible 
to drive the rotor 4 with high efficiency. 

[0079] A detailed description is given for the vibrating 
element 50. The first piezoelectric element 53 is 
substantially equally divided (partitioned) into four 
rectangular areas, and the first electrodes 52a, 52b, 52c, and 
52d are respectively provided at the divided areas. Likewise, 
the second element 55 is substantially equally divided 
(partitioned) into four rectangular areas , and the second 
electrodes 56a, 56b, 56c, and 56d are respectively provided at 
the divided areas so that the second electrodes 56a- 56d are 
symmetrically arranged against the first electrodes 52a- 52d in 
an upper-and-lower direction in Figs. 3 and 4. 
[0080] The reinforcing plate 54 interposed between the first 
and second piezoelectric elements 53 and 55 has a function to 
reinforce the entire vibrating element 50, thereby preventing 
the vibrating element 50 from being injured due to 
over-vibration of the vibrating element 50, external force or 
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the like. Material to constitute the reinforcing plate 54 is 
not especially limited. However, it is preferable that the 
material is a kind of metal material such as stainless steel, 
aluminum or aluminum alloy, titan or titan alloy, and copper 
or copper system alloy and the like, which has an elastic 
characteristic . 

[0081] Further, the reinforcing plate 54 functions as a 
common electrode for the first and second piezoelectric 
elements 53 and 55. In this regard, the reinforcing plate 54 
is connected to ground. 

[0082] The protruding portion (abutting portion) 51 is 

integrally formed on the reinforcing plate 54. 
[0083] It is preferable that the thickness of the reinforcing 
plate 54 is thinner than that of the first or second 
piezoelectric element 53 , 55 . This makes it possible to vibrate 
the vibrating element 50, i.e. , the protruding portion 51 with 
high efficiency. 

[0084] In this regard, when an AC voltage from the first or 
second group electrodes 57, 58 is applied to the first and second 
piezoelectric elements 53 and 55 via the reinforcing plate 54, 
the first and second piezoelectric elements 53 and 55 undergo 
bending vibration in their predetermined directions, 
respectively. The reinforcing plate 54 also undergoes bending 
vibration with the bending vibration of the first and second 
piezoelectric elements 53 and 55, whereby the protruding 
portion 51 undergoes back-and-f orth vibration (reciprocates) 
in a slanting direction against a longitudinal direction B or 
vibrates (moves) in an elliptical manner. At this time, the 
first or second group electrodes 57, 58 that are in non-driving 
state (inactivated state) are used as vibration detecting means 
as described later. 

[0085] The installing arm 6 of the vibrating element 50 is 
integrally formed on the reinforcing plate 54 in a similar 
manner as the protruding portion 51. A bolt inserting aperture 
62 through which a bolt 7 is inserted is provided on an installing 
base portion 61 that is at a tip end side of the installing arm 



12 



6. The installing arm 6 is fixed on the face of the base 2 using 
the bolt 7 , whereby the vibrating element 50 is held (supported) , 
and the protruding portion 51 resiliently ( elastically ) comes 
into contact with (abuts on) the outer circumferential surface 
of the rotor 4 in a pressure-pushing state by means of the 
resilience of the installing arm 6 . 

[0086] Here, the "electro-mechanical converting element" 
means an element which applies driving force by supplying 
(applying) an electric energy (electric power) to the element 
such as an element having a member (portion) which undergoes 
transformation by supplying an electric energy, an element 
which generates a magnetic field to be used for displacing a 
displaced element (for example, rotating, moving, shifting, or 
the like) by supplying an electric energy, or the like. The 
element having a member which undergoes transformation by 
supplying an electric energy is preferable within the 
above-mentioned types. 

[0087] In this regard, a vibrating element containing a 
piezoelectric element (piezoelectric material) is used as the 
electro -mechanical converting element in this embodiment, but 
the present invention is not limited to this type. For example, 
a shape-memory element, a magnetostrictive element, an 
artificial muscle, an element using electrostatic force, an 
exiting coil and the like, or an element having at least one 
of these elements, and the like are taken as other 
electro -mechanical converting element . 

[0088] Fig. 5 is a block diagram illustrating an example of 
a configuration of a drive control circuit for an actuator. 
[0089] In this case, since the constitution (structure) of 
a drive control circuit of the first actuator 5A is the same 
as that of a drive control circuit of the second actuator 5B, 
a description is given for one circuit as a representative of 
the drive control circuits here. 

[0090] The drive control circuit is constituted from a 

switching circuit 9 connected to the vibrating element 50 and 
a drive circuit 10 . The switching circuit 9 has a first transfer 
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switch portion 90A and a second transfer switch portion 90B, 
which are cooperative with each other. 

[0091] The first transfer switch portion 90A has a terminal 
91 to which the first group electrodes 57 of the vibrating 
element 50 are connected, and a pair of switching terminals 92, 
93. Similarly, the second transfer switch portion 90B has a 
terminal 94 to which the second group electrodes 58 of the 
vibrating element 50 are connected, and a pair of switching 
terminals 95, 96, 

[0092] Thus, the switching circuit 9 switches between the 
group electrodes to which an AC voltage is applied whereby the 
first and second piezoelectric elements 53, 55 undergo bending 
vibration and the group electrodes to be used as vibration 
detecting means by maintaining them in a non-driving state. 
[0093] On the other hand, a drive circuit 10 comprises an 
oscillating circuit 101, an amplification circuit 102, and a 
displacing amount control circuit 103. An input side of the 
oscillating circuit 101 is connected to both the switching 
terminal 93 of the first transfer switch portion 90A and the 
switching terminal 95 of the second transfer switch portion 90B. 
Further, an output side of the amplification circuit 102 is 
connected to both the switching terminal 92 of the first 
transfer switch portion 90A and the switching terminal 96 of 
the second transfer switch portion 90B. 

[0094] A rotational direction (displacing direction) A of 
the rotor 4 is instructed (i.e. , an instruction for a rotational 
direction is inputted) to the switching circuit 9. The 
switching circuit 9 selectively switches between the first 
group electrodes 57 and the second group electrodes 58 of the 
vibrating element 50 based on the instructed information of the 
rotational direction A for the rotor 4, thereby conducting to 
the switched group electrodes . Thus , an AC voltage is applied 
to the first and second piezoelectric elements 53, 55 via the 
oscillating circuit 101 and the amplification circuit 102, 
whereby the first and second piezoelectric elements 53, 55 and 
the reinforcing plate 54 undergo bending vibration in a 
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predetermined direction, and the protruding portion 51 
undergoes back-and-f orth vibration (reciprocates) in a 
slanting direction against a longitudinal direction B or 
vibrates (moves) in an elliptical manner. 

[0095] By the vibration of the protruding portion 51, force 
(pushing force or frictional forced) is applied to the rotor 
4, whereby the rotor 4 is rotatively driven. The rotational 
direction A of the rotor 4 can be switched between a normal 
direction (in a clockwise direction) Al and a reverse direction 
(counterclockwise) A2 in response to the switch between the 
first group electrodes 57 and the second group electrodes 58 
by means of the first transfer switch portion 90A and the second 
transfer switch portion 90B. 

[0096] A rotary encoder 8 provided on the outer 

circumferential portion of the rotor 4 as displacing amount 
detecting means is connected to the displacing amount control 
circuit 103. The rotary encoder 8 is constituted from a slit 
rotating plate 81 formed with a plurality of slits in constant 
intervals, and a sensor 82 having a light emitting portion and 
a light receiving portion. The slit rotating plate 81 rotates 
together with the rotor 4 . 

[0097] In this case, for example, a photoref lector , a 

photointerrupter, or the like is suitably used as the sensor 
82. The photoref lector is constituted from a light emitting 
element which emits light toward the outer circumferential 
portion of the slit rotating plate 81, and a light receiving 
element (opto-electric converting element) which receives the 
light (reflected light) reflected on the slit rotating plate 
81 . On the other hand, the photointerrupter is constituted from 
a light emitting element which emits light toward the outer 
circumferential portion of the slit rotating plate 81, and a 
light receiving element (opto-electric converting element) 
which receives the light (transmitted light) penetrating the 
slit rotating plate 81. 

[0098] A target rotational amount (displacing amount) of the 
rotor 4 is instructed (i.e., an instruction for a rotational 
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amount is inputted) to the displacing amount control circuit 
103 in advance. The slit rotating plate 81 of the rotary encpder 
8 rotates together with the rotor 4 . The rotational amount of 
the slit rotating plate 81 corresponds to that of the rotor 4. 
A pulse signal corresponding to the rotational amount of the 
slit rotating plate 81 is outputted from the sensor 82 with the 
rotation of the rotor 4 to be inputted to the displacing amount 
control circuit 103, At this time, the displacing amount 
control circuit 103 counts the pulse signal from the sensor 82, 
and calculates the rotational amount of the rotor 4 based on 
the count value. Further, a rotational speed of the rotor 4 
can be obtained based on the pulse cycle from the sensor 82 or 
the number of pulses within a predetermined time. 
[0099] The displacing amount control circuit 103 compares 
the rotational amount of the rotor 4 detected by the rotary 
encoder 8 with the instructed target rotational amount of the 
rotor 4, and controls the rotation (drive) of the rotor 4 so 
that the detected rotational amount corresponds with the target 
rotational amount. 

[0100] In this way, as shown in Fig. 1, the rotor 4 rotates 
in the normal direction (clockwise) Al or the reverse direction 
(counterclockwise) A2 by a predetermined amount. In other, 
words, the robot arm body 200 is driven so as to rotate in a 
clockwise direction CI or a counterclockwise direction C2 by 
a predetermined amount . 

[0101] In this regard, the displacing amount detecting means 
is not limited to an optical detecting means such as the rotary 
encoder 8 described above, and may be magnetic detecting means. 
[0102] Next, a description will be given for an operation 
of the above-mentioned drive unit 1. 

[0103] When a rotational direction A of the rotor 4 is 
instructed to the switching circuit 9 in the ON state of a power 
switch (not shown in the drawings), the first and second 
transfer switch portions 90A, 90B operate simultaneously in 
response to the instruction. Further, when a rotational amount 
of the rotor 4 is instructed to the displacing control circuit 
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103 in the drive circuit 10 , the amplification circuit 102 and 
the like are controlled in response to the instruction. 
[0104] In the case where it is instructed that the rotational 
direction A of the rotor 4 is a clockwise direction (the normal 
direction Al), the terminal 91 is connected to the switching 
terminal 93 in the first transfer switch portion 90A, and the 
terminal 94 is connected to the switching terminal 96 in the 
second transfer switch portion 90B. By the switch of the 
switching circuit 9, the output side of the amplif ication 
circuit 102 in the drive circuit 10 is conducted to the second 
group electrodes 58 of the vibrating element 50 , and the first 
group electrodes 57 is conducted to the input side of the 
oscillating circuit 101 in the drive circuit 10. Thus, the AC 
voltage outputted from the oscillating circuit 101 is 
controlled so as to be amplified in the amplification circuit 
102 based on the instruction from the displacing amount control 
circuit 103. 

[0105] In this way, the AC voltage amplified by the 

amplification circuit 102 is applied between the electrodes 52b , 
52d, 56b, and 56d constituting the second group electrodes 58 
and the reinforcing plate 54. This makes each of the portions 
of the first and second piezoelectric elements 53, 55 
corresponding to the electrodes 52b, 52d, 56b, and 56d undergo 
expansion and contraction repeatedly, whereby the first and 
second piezoelectric elements 53, 55 and the reinforcing plate 
54 undergo bending vibration. The bending vibration of the 
first and second piezoelectric elements 53, 55 and the 
reinforcing plate 54 makes the protruding portion 51 undergo 
back-and-f orth vibration (reciprocate) in a slanting direction 
against the longitudinal direction B or vibrate in an elliptical 
manner. By the vibration of the protruding portion 51, 
frictional force (pushing force) is applied to the rotor 4, 
whereby the rotor 4 is rotatively driven directly. Namely, the 
rotor 4 frictionally slides against the protruding portion 51 
by means of the vibration of the protruding portion 51, whereby 
the rotor 4 rotates in the clockwise direction (the normal 
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direction Al) . Further, by the rotation of the rotor 4, the 
robot arm body 200 rotates in the counterclockwise direction 
C2 (see Fig. 1) . 

[0106] At this time, the first group electrodes 57 are in 
a non-driving state (inactivated state). Each of the 
electrodes 52a, 52c, 56a, and 56c constituting the first 
electrodes 57 becomes a detecting electrode (vibration 
detecting means), a voltage (induced voltage) is induced 
between each of the electrodes 52a, 52c, 56a, and 56c and the 
reinforcing plate 54. The induced voltage is inputted to the 
oscillating circuit 101 as a detected voltage. The oscillating 
circuit 101 outputs an AC voltage having a predetermined 
frequency (resonant frequency) at which amplitude of the 
vibrating element 50 becomes maximum, i.e., the detected 
voltage becomes maximum. This makes it possible to rotate the 
rotor 4 with high efficiency. 

[0107] The displacing control circuit 103 controls the 

conduction to each of the group electrodes 57, 58 based on the 
detected value (9m: actual measurement) by means of the rotary 
encoder (displacing amount detecting means) 8 and the 
rotational amount (9: target value) instructed in advance. 
[0108] In other words, as described above, when a pulse 
signal is inputted to the displacing amount control circuit 103 
from the rotary encoder 8 , the displacing amount control circuit 
103 counts the inputted pulses, and calculates the rotational 
amount (9m) of the rotor 4 based on the count value (the number 
of pulses). Then, the displacing amount control circuit 103 
compares the actual measurement (9m) of the rotational amount 
with the target value (9) for the rotational amount of the rotor 
4 that is instructed in advance to obtain a difference between 
these values (i.e., 9 - 9m). The rotor 4 is rotatively driven 
in cooperation with the vibrating elements 50 of the actuators 
5A, 5B until the actual measurement (9m) of the rotor 4 
corresponds with the pre- instructed target value (9) of the 
rotor 4, namely, until there is no difference between the actual 
measurement (9m) and the target value (9) of the rotor 4 (i.e. , 
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e - em = o ) . 

[0109] On the other hand, in the case where it is instructed 
that the rotational direction A of the rotor 4 is a 
counterclockwise direction (the reverse direction A2 ) , the 
terminal 91 is connected to the switching terminal 92 in the 
first transfer switch portion 90A, and the terminal 94 is 
connected to the switching terminal 9 5 in the second transfer 
switch portion 90B. By the switch of the switching circuit 9, 
the output side of the amplification circuit 102 in the drive 
circuit 10 is conducted to the first group electrodes 57 of the 
vibrating element 50, and the second group electrodes 58 is 
conducted to the input side of the oscillating circuit 101 in 
the drive circuit 10 . Since the following operation is the same 
as that in the case where it is instructed that the rotational 
direction A of the rotor 4 is a clockwise direction (the normal 
direction Al) mentioned above, this description will be 
omitted. 

[0110] The drive unit 1 of the present embodiment has a first 
cooperation mode in which the first and second actuators 5A, 
5B are synchronized to rotatively drive the rotor (driven 
element) 4, a second cooperation mode in which the rotor 4 is 
rotatively driven with a phase difference between the first and 
second actuators 5A, 5B, and a third cooperation mode in which 
the first and second actuators 5A, 5B carry out a differential 
motion to rotatively drive the rotor 4 . 

[0111] The third cooperation mode includes a first 

differential motion mode in which the first and second actuators 
5A, 5B respectively have drive speeds that are different from 
each other to drive the rotor 4 in a same direction, a second 
differential motion mode in which one of the first and second 
actuators 5A, 5B is driven in the direction reverse to the 
rotational direction (drive direction) of the rotor 4, and a 
third differential motion mode in which one of the first and 
second actuators 5A, 5B is in a non- driving (inactivated) state. 
[0112] When the rotational drive of the rotor 4 (robot arm 
body 200) is controlled by means of the drive unit 1, the drive 
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unit 1 select one or more mode(s) in the above-mentioned modes 
to carry out the selected mode(s). This makes it possible to 
carry out the rotational drive of the rotor 4 (robot arm body 
200) suitably. In this regard, in the case where two or more 
modes are selected, there are two cases i.e. , a case of carrying 
out these modes simultaneously and a case of carrying out these 
modes separately (with different timings). 

[0113] In the first cooperation mode, the synchronization 
of the first and second actuators 5A, 5B makes it possible to 
increase (double) a drive torque in comparison with a case of 
driving a single actuator, whereby it is possible to adjust the 
drive torque in response to increase in a load of the robot arm 
body 200 easily. 

[0114] In the second cooperation mode, the phase difference 
between the first and second actuators 5A, 5B makes it possible 
to compensate (increase) the drive torque. In other words, by 
driving one of the first and second actuators 5A, 5B, and driving 
the other with a different phase when the drive torque of the 
one actuator reaches the limiting value, it is possible to 
compensate the drive torque. 

[0115] In the third cooperation mode, the first and second 
actuators 5A, 5B carry out the differential motion each other, 
thereby generating a countervailing power between the first and 
second actuators 5A, 5B. Namely, a difference between drive 
velocities of the first and second actuators 5A, 5B in the first 
differential motion mode, the reverse direction drive of one 
of the first and second actuators 5A, 5B in the second 
differential motion mode, or the non-driving (inactivated) 
state of one of the first and second actuators 5A, 5B in the 
third differential motion mode causes the countervailing power 
between the first and second actuators 5A, 5B. Therefore, it 
is possible to prevent shakiness due to backlash or the like 
(for example, shakiness during a normal drive or shakiness at 
normal-reverse converting time), and it is possible to 
rotatively move the rotor 4 toward a target position accurately. 
Further, in the second differential motion mode, it is also 



20 



possible to decelerate or brake the rotation of the rotor 4 
easily and surely. 

[0116] Further, it is preferable that the drive unit 1 is 
adapted so that, when the rotor 4 is stopped, it is set to the 
third cooperation mode, and the rotor 4 is rotatively driven 
by making the first and second actuators 5A, 5B carry out 
differential motion (in particular, it is set to the second 
differential motion mode to drive one of the first and second 
actuators 5A, 5B in the reverse direction), and then the first 
and second actuators 5A, 5B that were in the drive state are 
stopped. 

[0117] This makes a countervailing power be generated 

between the first and second actuators 5A, 5B. Thus, it is 
possible to prevent shakiness due to backlash or the like, and 
it is also possible to rotatively move the driven element toward 
a target position accurately. In particular, in the case where 
it is set to the second differential motion mode, it is possible 
to decelerate or brake (stop) the rotation of the driven element 
easily and surely. 

[0118] Further, in the drive unit 1, an output characteristic 
of the first actuator 5A may be the same as or different from 
that of the second actuator 5B. 

[0119] For example, one of the first and second actuators 
5A, 5B can be used as a main actuator having a large output 
characteristic, and the other can be used as a sub actuator 
having a small output characteristic. 

[0120] In this case, it is preferable that the main and sub 
actuators are adapted to carry out a differential motion with 
each other to rotatively drive the rotor 4 while it is to set 
to the third cooperation mode. 

[0121] This makes a countervailing power be generated 

between the main and sub actuators. Thus, it is possible to 
prevent shakiness due to backlash or the like, and it is also 
possible to rotatively move the driven element toward a target 
position accurately . 

[0122] Further, it is preferable that the drive unit 1 is 
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adapted so that, when the rotor 4 is stopped, it is set to the 
second differential motion mode to drive the sub actuator in 
the reverse direction, and then the main and sub actuators that 
were in the drive state are stopped . 

[0123] This makes it possible to decelerate or brake the 
rotation of the rotor 4 easily and surely. 

[0124] Figs- 6-9 are flowcharts each showing a typical 

concrete example of the drive control of the rotor 4 . These 
examples include that for a predetermined mode in the 
cooperation modes mentioned above. Hereinafter, a description 
will be given for the drive control of the rotor 4 (the robot 
arm body 200) with reference to Figs. 6-9. 

[0125] Fig. 6 is a flowchart showing the drive control of 
the rotor 4, which includes first and second cooperation mode 
in which the first and second actuators 5A, 5B are synchronized 
with a phase difference between the first and second actuators 
5A , 5B , and a third cooperation mode in which the first and second 
actuators 5A, 5B carry out a differential motion mode with each 
other, namely, a third differential motion mode in which the 
second actuator 5B is in the non-driving state. 
[0126] First, at step SI, a rotational direction A of the 
rotor 4, for example, a normal direction Al is instructed to 
the switching circuit 9 in the drive circuit 10 in advance. 
Further, a target rotational amount (0) for the rotor 4, namely, 
a target rotational amount (9) for the robot arm body 200 is 
instructed to the displacing amount control circuit 103 in 
advance. Next, this operation proceeds to step S2 . 
[0127] At step S2, it is determined whether or not there is 
a difference between a rotational amount (6m) of the rotor 4 
inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(9) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (9) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0128] In the case where it is determined that there is a 
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difference between the actual measurement (8m) of the 
rotational amount of the rotor 4 and the target value (6) (i.e. , 
the value (6 - 0m) is not zero) at step S2, this operation 
proceeds to step S3. 

[0129] At step S3, the first actuator 5A is driven based on 
the instructions that are instructed at step SI. Namely, the 
vibrating element 50 of the first actuator 5A is driven in 
response to the applied voltage controlled by the oscillating 
circuit 101 and the amplification circuit 102, thereby 
rotatively driving (normal-rotating) the rotor 4 in the normal 
direction Al . At this time, the vibrating element 50 of the 
second actuator 5B is maintained in a non-driving state 
(inactivated state). Therefore, when the rotor 4 is rotated, 
the protruding portion 51 of the second actuator 5B that abuts 
on the outer circumferential surface of the rotor 4 in a 
pressure-pushing state slides on the outer circumferential 
surface of the rotor 4 while applying a f rictional force to the 
surface in the direction reverse to the direction in which the 
first actuator 5A applies to the rotor 4. This makes a 
countervailing power against the rotational force in the 
rotational direction Al to be generated on the rotor 4. The 
countervailing power makes it possible to prevent shakiness of 
the rotor 4 and the robot arm body 200 (for example, shakiness 
due to backlash or the like), and to carry out positioning of 
the robot arm body 200 accurately. 

[0130] Next, this operation proceeds to step S4 . At step S4, 
it is determined whether or not there is a change in the 
rotational amount (9m) of the rotor 4, namely, whether or not 
the rotation of the rotor 4 is stopped. 

[0131] In the case where it is determined that there is a 
change in the rotational amount (0m) of the rotor 4 at step S4, 
this operation returns to step S2, and the same process after 
step S2 mentioned above is carried out. 

[0132] Then, in the case where it is determined that there 
is no difference between the actual measurement (0m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
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6 - 0m = 0) at step S2 , the drive of the first actuator 5A is 
stopped, thereby stopping the rotor 4. Thus, the rotational 
position of the rotor 4 reaches a proper rotational position 
that is a target value (6), and the robot arm body 200 is 
positioned at the target position. Further, each of the 
protruding portions 51 of the first and second actuators 5A, 
5B abuts on the outer circumferential surface of the rotor 4 
in a pressure-pushing state, whereby the rotation of the rotor 
4 is prevented and the robot arm body 200 is held at the target 
position . 

[0133] On the other hand, in the case where it is determined 
that there is no change in the rotational amount (8m) of the 
rotor 4 at step S4, for example, in the case where the rotor 
4 is not activated (started), or in the case where the rotor 
4 is stopped due to some kind of cause, this operation proceeds 
to step S5. In this case, causes by which it is determined that 
there is no change in the rotational amount (9m) of the rotor 
4 include a case where a drive torque (driving force) by the 
first actuator 5A cannot bear a load of the robot arm body 200 
and the rotor 4 is temporarily stopped due to lack of the drive 
torque of the first actuator 5A, and the like, for example. 
[0134] At step S5, the vibrating element 50 of the second 
actuator 5B is driven in response to the applied voltage 
controlled by the oscillating circuit 101 and the amplification 
circuit 102 so as to synchronize with the drive of the first 
actuator 5A. The drive of the second actuator 5B compensates 
the drive torque, thereby increasing (doubling) the drive 
torque to the rotor 4. This makes it possible to resolve the 
lack of the drive torque of the rotor 4 to the load of the robot 
arm body 200, and rotatively drive the rotor 4 while the first 
and second actuators 5A, 5B synchronize with each other. Next, 
this operation returns to step S2 again, and the same process 
after step S2 mentioned above is carried out. 
[0135] Then, in the case where it is determined that there 
is no difference between the actual measurement (0m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
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8 - 8m = 0 ) at step S2 , the drives of the first and second actuators 
5A, 5B are stopped, thereby stopping the rotor 4. 
[0136] On the other hand, in the case where it is determined 
that there is a difference between the actual measurement (9m) 
of the rotational amount of the rotor 4 and the target value 
(8) (i.e., the value (8 - 8m) is not zero) at step S2 and it 
is determined that there is no change in the rotational amount 
(8m) of the rotor 4 at step S4 , the first and second actuators 
5A, 5B keep driving with a synchronizing state, for example, 
until an instruction for stop is received. 

[0137] The case where an initial rotational direction A of 
the rotor 4 is set to the normal direction Al to rotate the robot 
arm body 200 in a clockwise direction CI (see Fig. 1) was 
described. Contrary to this description, in the case where the 
robot arm body 200 is rotated in a counterclockwise direction 
C2 (see Fig. 1) , the initial rotational direction A of the rotor 
4 is set to the reverse direction A2 . In this regard, since 
the drive operation of the case where the initial rotational 
direction A of the rotor 4 is set to the reverse direction A2 
is the same as that opposite to the drive operation of the case 
where it is set to the normal direction Al , a description for 
this operation is omitted. 

[0138] Here, the rotor 4 may be rotatively driven with a 
difference between the drive velocities of the first and second 
actuators 5A, 5B at step S5. This makes a countervailing power 
be generated on the rotor 4. The countervailing power makes 
it possible to prevent shakiness of the rotor 4 and the robot 
arm body 200, and to carry out positioning of the robot arm body 
200 accurately. 

[0139] Further, an output characteristic of the first 

actuator 5A may be the same as or different from that of the 
second actuator 5B. 

[0140] Moreover, the first actuator 5A that is started first 
may be used as a main actuator having a large output 
characteristic, and the second actuator 5B that is started 
second may be used as a sub actuator having a small output 
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characteristic . 

[0141] Fig. 7 is a flowchart showing the drive control of 
the rotor 4, which includes first and second cooperation mode 
in which the first and second actuators 5A, 5B are synchronized 
with a phase difference between the first and second actuators 
5A, 5B, and a third cooperation mode in which the first and second 
actuators 5A, 5B carry out a differential motion mode with each 
other, namely, a second differential motion mode in which the 
second actuator 5B is driven in the reverse direction and a third 
differential motion mode in which the second actuator 5B is in 
the non-driving state. 

[0142] In a similar manner to the drive control of the rotor 
4 shown in Fig. 6, first, at step Sll, a rotational direction 
A of the rotor 4 , for example , a normal direction Al is instructed 
to the switching circuit 9 in the drive circuit 10 in advance. 
Further, a target rotational amount (6) for the rotor 4, namely, 
a target rotational amount (9) for the robot arm body 200 is 
instructed to the displacing amount control circuit 103 in 
advance. Next, this operation proceeds to step S12. 
[0143] At step S12, it is determined whether or not there 
is a difference between a rotational amount (6m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(8) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (0) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0144] In the case where it is determined that there is a 
difference between the actual measurement (0m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
the value (0 - 0m) is not zero) at step S12, this operation 
proceeds to step S13. 

[0145] At step S14, the first actuator 5A is driven based 
on the instructions that are instructed at step Sll. Namely, 
the vibrating element 50 of the first actuator 5A is driven in 
response to the applied voltage controlled by the oscillating 
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circuit 101 and the amplification circuit 102, thereby 
rotatively driving (normal -rotating) the rotor 4 in the normal 
direction Al . At this time, the vibrating element 50 of the 
second actuator 5B is maintained in a non-driving state 
(inactivated state). Therefore, when the rotor 4 is rotated, 
the protruding portion 51 of the second actuator 5B that abuts 
on the outer circumferential surface of the rotor 4 in a 
pressure-pushing state slides on the outer circumferential 
surface of the rotor 4 while applying a f rictional force to the 
surface in the direction reverse to the direction in which the 
first actuator 5A applies to the rotor 4, This makes a 
countervailing power against the rotational force in the 
rotational direction Al to be generated on the rotor 4. The 
countervailing power makes it possible to prevent shakiness of 
the rotor 4 and the robot arm body 200, and to carry out 
positioning of the robot arm body 200 accurately. 
[0146] Next, this operation proceeds to step S15. At step 
S15, it is determined whether or not there is a change in the 
rotational amount (6m) of the rotor 4, namely, whether or not 
the rotation of the rotor 4 is stopped. 

[0147] In the case where it is determined that there is a 
change in the rotational amount (6m) of the rotor 4 at step S15, 
this operation returns to step S12, and the same process after 
step S12 mentioned above is carried out. 

[0148] Then, in the case where it is determined that there 
is no difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (6) (i.e. , 
6 - 0m = 0) at step S12, this operation proceeds to step S13. 
[0149] The vibrating element 50 of the second actuator 5B 
is driven in response to the applied voltage controlled by the 
oscillating circuit 101 and the amplification circuit 102 in 
the direction opposite to the drive direction of the vibrating 
element 50 of the first actuator 5A. Thus, the second actuator 
5B applies the drive torque toward the reverse direction A2 to 
the rotor 4 . 

[0150] Then, the drives of the first and second actuators 



27 



5A, 5B are stopped, whereby stopping the rotor 4. Thus, the 
rotational position of the rotor 4 reaches a proper rotational 
position that is a target value (9) , and the robot arm body 200 
is positioned at the target position. Further, each of the 
protruding portions 51 of the first and second actuators 5A, 
5B abuts on the outer circumferential surface of the rotor 4 
in a pressure-pushing state, whereby the rotation of the rotor 
4 is prevented and the robot arm body 200 is held at the target 
position. 

[0151] Further, when the rotor 4 is stopped, the second 
actuator 5B is driven in the reverse direction to the first 
actuator 5A, and then the first and second actuators 5A, 5B are 
stopped. Thus, the countervailing power is generated on the 
rotor 4, thereby preventing shakiness of the rotor 4 and the 
robot arm body 200 . This makes it possible to prevent shakiness 
of the rotor 4 and the robot arm body 200 due to, for example, 
backlash or the like when the rotor 4 is rotatively driven again. 
Thus, it is possible to carry out positioning of the robot arm 
body 200 accurately. 

[0152] Moreover, since the second actuator 5B is driven in 
the reverse direction to the first actuator 5A, it is possible 
to decelerate or brake (stop) the rotation of the driven element 
easily and surely. 

[0153] On the other hand, in the case where it is determined 
that there is no change in the rotational amount (0m) of the 
rotor 4 at step S15, for example, in the case where the rotor 
4 is not activated (started), or in the case where the rotor 
4 is stopped due to some kind of cause, this operation proceeds 
to step S16. In this case, causes by which it is determined 
that there is no change in the rotational amount (6m) of the 
rotor 4 include a case where a drive torque (driving force) by 
the first actuator 5A cannot bear a load of the robot arm body 
200 and the rotor 4 is temporarily stopped due to lack of the 
drive torque of the first actuator 5A, and the like, for example. 
[0154] At step S16, the vibrating element 50 of the second 
actuator 5B is driven in the normal direction Al of the rotor 
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4 in response to the applied voltage controlled by the 
oscillating circuit 101 and the amplification circuit 102 so 
as to synchronize with the drive of the first actuator 5A. The 
drive of the second actuator 5B compensates the drive torque, 
thereby increasing (doubling) the drive torque to the rotor 4. 
This makes it possible to resolve the lack of the drive torque 
of the rotor 4 to the load of the robot arm body 200 # and 
rotatively drive the rotor 4 while the first and second 
actuators 5A, 5B synchronize with each other. Next, this 
operation returns to step S12 again, and the same process after 
step S12 mentioned above is carried out. 

[0155] Then, in the case where it is determined that there 
is no difference between the actual measurement (0m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
0 - 0m = 0) at step S12, the normal drive of the second actuator 
5B is inverted to the reverse drive at step S13. Then, the 
drives of the first and second actuators 5A, 5B are stopped, 
thereby stopping the rotor 4. 

[0156] On the other hand, in the case where it is determined 
that there is a difference between the actual measurement (0m) 
of the rotational amount of the rotor 4 and the target value 
(0) (i.e., the value (0 - 0m) is not zero) at step S12 and it 
is determined that there is no change in the rotational amount 
(0m) of the rotor 4 at step S15, the first and second actuators 
5A, 5B keep driving with a synchronizing state, for example, 
until an instruction for stop is received. 

[0157] The case where an initial rotational direction A of 
the rotor 4 is set to the normal direction Al to rotate the robot 
arm body 200 in a clockwise direction CI (see Fig. 1) was 
described. Contrary to this description, in the case where the 
robot arm body 200 is rotated in a counterclockwise direction 
C2 (see Fig. 1) , the initial rotational direction A of the rotor 
4 is set to the reverse direction A2 . In this regard, since 
the drive operation of the case where the initial rotational 
direction A of the rotor 4 is set to the reverse direction A2 
is the same as that opposite to the drive operation of the case 
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where it is set to the normal direction Al, a description for 
this operation is omitted. 

[0158] Here, the rotor 4 may be rotatively driven with a 
difference between the drive velocities of the first and second 
actuators 5A, 5B at step SI 6 . This makes a countervailing power 
be generated on the rotor 4. The countervailing power makes 
it possible to prevent shakiness of the rotor 4 and the robot 
arm body 200, and to carry out positioning of the robot arm body 
200 accurately. 

[0159] Further, an output characteristic of the first 

actuator 5A may be the same as or different from that of the 
second actuator 5B. 

[0160] Moreover, the first actuator 5A that is started first 
may be used as a main actuator having a large output 
characteristic, and the second actuator 5B that is started 
second may be used as a sub actuator having a small output 
characteristic . 

[0161] Fig. 8 is a flowchart showing the drive control of 
the rotor 4, which includes first and second cooperation mode 
in which the first and second actuators 5A, 5B are synchronized 
with a phase difference between the first and second actuators 
5A , 5B , and a third cooperation mode in which the first and second 
actuators 5A, 5B carry out a differential motion mode with each 
other, namely, a third differential motion mode in which the 
second actuator 5B is in the non-driving state. 
[0162] In a similar manner to the drive control of the rotor 
4 shown in Fig. 6, first, at step S21, a rotational direction 
A of the rotor 4 , for example, a normal direction Al is instructed 
to the switching circuit 9 in the drive circuit 10 in advance. 
Further, a target rotational amount (0) for the rotor 4, namely, 
a target rotational amount (6) for the robot arm body 200 is 
instructed to the displacing amount control circuit 103 in 
advance. Next, this operation proceeds to step S22. 
[0163] At step S22, it is determined whether or not there 
is a difference between a rotational amount (6m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
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rotational drive of the rotor 4 and the target rotational amount 
(8) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (8) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0164] In the case where it is determined that there is a 
difference between the actual measurement (8m) of the 
rotational amount of the rotor 4 and the target value (8) (i.e. , 
the value (8 - 8m) is not zero) at step S22, this operation 
proceeds to step S23. 

[0165] At step S23, the first actuator 5A is driven based 
on the instructions that are instructed at step S21. Namely, 
the vibrating element 50 of the first actuator 5A is driven in 
response to the applied voltage controlled by the oscillating 
circuit 101 and the amplification circuit 102, thereby 
rotatively driving (normal-rotating) the rotor 4 in the normal 
direction Al. At this time, the vibrating element 50 of the 
second actuator 5B is maintained in a non-driving state 
(inactivated state). Therefore, when the rotor 4 is rotated, 
the protruding portion 51 of the second actuator 5B that abuts 
on the outer circumferential surface of the rotor 4 in a 
pressure-pushing state slides on the outer circumferential 
surface of the rotor 4 while applying a frictional force to the 
surface in the direction reverse to the direction in which the 
first actuator 5A applies to the rotor 4. This makes a 
countervailing power against the rotational force in the 
rotational direction Al to be generated on the rotor 4. The 
countervailing power makes it possible to prevent shakiness of 
the rotor 4 and the robot arm body 200, and to carry out 
positioning of the robot arm body 200 accurately. 
[0166] Next, this operation proceeds to step S24. At step 
S24, it is determined whether or not there is a change in the 
rotational amount (8m) of the rotor 4, namely, whether or not 
the rotation of the rotor 4 is stopped. 

[0167] In the case where it is determined that there is a 
change in the rotational amount (8m) of the rotor 4 at step S24, 
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this operation returns to step S22 , and the same process at steps 
S22-S24 mentioned above is repeatedly carried out, 
[0168] Then, in the case where it is determined that there 
is no difference between the actual measurement (9m) of the 
rotational amount of the rotor 4 and the target value (9) (i.e. , 
9 - 9m = 0) at step S22, the drive of the first actuator 5A is 
stopped, thereby stopping the rotor 4. Thus, the rotational 
position of the rotor 4 reaches a proper rotational position 
that is a target value (9), and the robot arm body 200 is 
positioned at the target position. Further, each of the 
protruding portions 51 of the first and second actuators 5A, 
5B abuts on the outer circumferential surface of the rotor 4 
in a pressure-pushing state, whereby the rotation of the rotor 
4 is prevented and the robot arm body 200 is held at the target 
position . 

[016 9] On the other hand, in the case where it is determined 
that there is no change in the rotational amount (9m) of the 
rotor 4 at step S24, for example, in the case where the rotor 
4 is not activated (started), or in the case where the rotor 
4 is stopped due to some kind of cause, this operation proceeds 
to step S25. In this case, causes by which it is determined 
that there is no change in the rotational amount (9m) of the 
rotor 4 include a case where a drive torque (driving force) by 
the first actuator 5A cannot bear a load of the robot arm body 
200 and the rotor 4 is temporarily stopped due to lack of the 
drive torque of the first actuator 5A, and the like, for example. 
[0170] At step S25, it is determined whether or not the drive 
torque of the first actuator 5A is a maximum torque. In the 
case where it is determined that the drive torque of the first 
actuator 5A is not the maximum torque at step S25, this operation 
proceeds to step S26. 

[0171] At step S26, an applied voltage to the first actuator 
5A is increased by one step. This causes the drive torque of 
the first actuator 5A to be increased by one step. Next, this 
operation returns to step S23, and the same process after step 
S23 mentioned above is carried out . 
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[0172] Then, the applied voltage to the first actuator 5A 
is stepwise increased at step S26 until it is determined that 
there is a change in the rotational amount (6m) of the rotor 
4 at step S24 or that the drive torque of the first actuator 
5A is the maximum torque at step S25. This makes it possible 
to increase the drive torque of the first actuator 5A stepwise. 
[0173] In the case where it is determined that the drive 
torque of the first actuator 5A is the maximum torque at step 
S25, this operation proceeds to step S27. In other words, in 
the case where, even though the drive torque of the first 
actuator 5A becomes the maximum torque, the rotor 4 cannot be 
rotatively driven, this operation proceeds to step S27. 
[0174] At step S27, the vibrating element 50 of the second 
actuator 5B is driven in response to the applied voltage 
controlled by the oscillating circuit 101 and the amplification 
circuit 102 so as to synchronize with the drive of the first 
actuator 5A, and then this operation proceeds to step S28. At 
step S28, it is determined whether or not there is a change in 
the rotational amount (9m) of the rotor 4, namely, whether or 
not the rotation of the rotor 4 is stopped. 

[0175] In the case where it is determined that there is no 
change in the rotational amount (0m) of the rotor 4 at step S28, 
this operation proceeds to step S29. Namely, in the case where 
it is impossible to resolve a stopping state of the rotor 4 due 
to a lack of the drive torque even though the drive torque of 
the second actuator 5B is added to the maximum drive torque of 
the first actuator 5A, this operation proceeds to step S29. 
[0176] At step S29, it is determined whether or not the drive 
torque of the second actuator 5B is a maximum torque. In the 
case where it is determined that the drive torque of the second 
actuator 5B is not the maximum torque at step S29 , this operation 
proceeds to step S30. 

[0177] At step S30, an applied voltage to the second actuator 
5B is increased by one step. This causes the drive torque of 
the second actuator 5B to be increased by one step. Next, this 
operation returns to step S27, and the same process after step 
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S27 mentioned above is carried out, 

[0178] Then, the applied voltage to the second actuator 5B 
is stepwise increased at step S30 until it is determined that 
there is a change in the rotational amount (6m) of the rotor 
4 at step S28 or that the drive torque of the second actuator 
5B is the maximum torque at step S29- This makes it possible 
to increase the drive torque of the second actuator 5B stepwise. 
Namely, repeating the process at steps S27-S30 makes it possible 
to increase the drive torque by means of the second actuator 
(sub actuator) 5B stepwise even though the drive torque of the 
first actuator (main actuator) 5A reaches its limit. 
[0179] On the other hand, in the case where it is determined 
that there is a change in the rotational amount (6m) of the rotor 
4 at step S28, this operation proceeds to step S32. 
[0180] At step S32, it is determined whether or not there 
is a difference between a rotational amount (0m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(6) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (8) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0181] In the case where it is determined that there is no 
difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (6) (i.e. , 
9 - 0m = 0) at step S32, the drives of the first and second 
actuators 5A, 5B are stopped, thereby stopping the rotor 4. 
[0182] On the other hand, in the case where it is determined 
that there is a difference between the actual measurement (0m) 
of the rotational amount of the rotor 4 and the target value 
(0) (i.e., the value (0 - 0m) is not zero) at step S32, this 
operation returns to step S27 again, and the same process after 
step S27 mentioned above is repeatedly carried out. Then, in 
the case where it is determined that there is no difference 
between the actual measurement (0m) of the rotational amount 
of the rotor 4 and the target value (0) (i.e., 0 - 0m = 0) at 
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step S32, the drives of the first and second actuators 5A, 5B 
are stopped, thereby stopping the rotor 4. 

[0183] Further, in the case where it is determined that the 
drive torque of the second actuator 5B is a maximum torque at 
step S29, namely, in the case where the rotor 4 cannot be rotated 
due to the lack of the drive torque even though both drive torques 
of the first and second actuators 5A, 5B are increased to their 
maximum torque, this operation proceeds to step S31. 
[0184] At step S31, it is determined whether or not there 
is a difference between a rotational amount (0m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(6) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (6) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0185] In the case where it is determined that there is a 
difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (9) (i.e. , 
the value (6 -. 0m) is not zero) at step S31, the drives of the 
first and second actuators 5A, 5B are maintained at their 
maximum drive torques so as to be synchronized with each other. 
This operation waits at step S31 until an instruction for 
stopping these actuators is reserved. 

[0186] On the other hand, in the case where it is determined 
that there is no difference between the actual measurement (0m) 
of the rotational amount of the rotor 4 and the target value 
(0) (i.e., 0 - 0m = 0) at step S31, the drives of the first and 
second actuators 5A, 5B are stopped, thereby stopping the rotor 
4. 

[0187] The case where an initial rotational direction A of 
the rotor 4 is set to the normal direction Al to rotate the robot 
arm body 200 in a clockwise direction CI (see Fig. 1) was 
described. Contrary to this description, in the case where the 
robot arm body 200 is rotated in a counterclockwise direction 
C2 (see Fig. 1) , the initial rotational direction A of the rotor 
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4 is set to the reverse direction A2 . In this regard, since 
the drive operation of the case where the initial rotational 
direction A of the rotor 4 is set to the reverse direction A2 
is the same as that opposite to the drive operation of the case 
where it is set to the normal direction Al f a description for 
this operation is omitted. 

[0188] According to this drive control, since the drive 
torques of the first and second actuators 5A, 5B are 
respectively (independently) increased stepwise, it is 
possible to rotatively drive the rotor 4 with a minimum drive 
torque (i.e. , a necessary and sufficient drive torque) against 
a load. This makes it possible to reduce power consumption of 
the drive unit 1 . 

[0189] Here, the rotor 4 may be rotatively driven with a 
difference between the drive velocities of the first and second 
actuators 5A, 5B at step S27 . This makes a countervailing power 
be generated on the rotor 4 . The countervailing power makes 
it possible to prevent shakiness of the rotor 4 and the robot 
arm body 200, and to carry out positioning of the robot arm body 
200 accurately. 

[0190] Further, an output characteristic of the first 

actuator 5A may be the same as or different from that of the 
second actuator 5B. 

[0191] Fig. 9 is a flowchart showing the drive control of 
the rotor 4, which includes first and second cooperation mode 
in which the first and second actuators 5A, 5B are synchronized 
with a phase difference between the first and second actuators 
5A, 5B, and a third cooperation mode in which the first and second 
actuators 5A, 5B carry out a differential motion mode with each 
other, namely, a third differential motion mode in which the 
second actuator 5B is in a non-driving state. 
[0192] In a similar manner to the drive control of the rotor 
4 shown in Fig. 8, a description will be given for a case where 
the first actuator 5A is used as a main actuator having a large 
output characteristic, and the second actuator 5B is used as 
a sub actuator having a small output characteristic. 
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[0193] First, at step S41, a rotational direction A of the 
rotor 4, for example, a normal direction Al is instructed to 
the switching circuit 9 in the drive circuit 10 in advance. 
Further, a target rotational amount (0) for the rotor 4, namely, 
a target rotational amount (6) for the robot arm body 200 is 
instructed to the displacing amount control circuit 103 in 
advance. Next, this operation proceeds to step S42. 
[0194] At step S42, it is determined whether or not there 
is a difference between a rotational amount (6m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(9) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (0) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0195] In the case where it is determined that there is a 
difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
the value (0 - 0m) is not zero) at step S42, this operation 
proceeds to step S43. 

[0196] At step S43, the first actuator 5A is driven based 
on the instructions that are instructed at step S41. Namely, 
the vibrating element 50 of the first actuator 5A is driven in 
response to the applied voltage controlled by the oscillating 
circuit 101 and the amplification circuit 102, thereby 
rotatively driving (normal -rotating) the rotor 4 in the normal 
direction Al . At this time, the vibrating element 50 of the 
second actuator 5B is maintained in a non-driving state 
(inactivated state). Therefore, when the rotor 4 is rotated, 
the protruding portion 51 of the second actuator 5B that abuts 
on the outer circumferential surface of the rotor 4 in a 
pressure-pushing state slides on the outer circumferential 
surface of the rotor 4 while applying a f rictional force to the 
surface in the direction reverse to the direction in which the 
first actuator 5A applies to the rotor 4 . This makes a 
countervailing power against the rotational force in the 
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rotational direction Al to be generated on the rotor 4 . The 
countervailing power makes it possible to prevent shakiness of 
the rotor 4 and the robot arm body 200, and to carry out 
positioning of the robot arm body 200 accurately, 
[0197] Next, this operation proceeds to step S44. At step 
S44, it is determined whether or not there is a change in the 
rotational amount (0m) of the rotor 4, namely, whether or not 
the rotation of the rotor 4 is stopped. 

[0198] In the case where it is determined that there is a 
change in the rotational amount (9m) of the rotor 4 at step S44, 
this operation returns to step S22 , and the same process at steps 
S42-S44 mentioned above is repeatedly carried out. 
[0199] Then, in the case where it is determined that there 
is no difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
0 - 0m = 0) at step S42, the drive of the first actuator 5A is 
stopped, thereby stopping the rotor 4. Thus, the rotational 
position of the rotor 4 reaches a proper rotational position 
that is a target value (0), and the robot arm body 200 is 
positioned at the target position. Further, each of the 
protruding portions 51 of the first and second actuators 5A, 
5B abuts on the outer circumferential surface of the rotor 4 
in a pressure-pushing state, whereby the rotation of the rotor 
4 is prevented and the robot arm body 200 is held at the target 
position . 

[0200] On the other hand, in the case where it is determined 
that there is no change in the rotational amount (0m) of the 
rotor 4 at step S44, for example, in the case where the rotor 
4 is not activated (started), or in the case where the rotor 
4 is stopped due to some kind of cause, this operation proceeds 
to step S25. In this case, causes by which it is determined 
that there is no change in the rotational amount (0m) of the 
rotor 4 include a case where a drive torque (driving force) by 
the first actuator 5A cannot bear a load of the robot arm body 
200 and the rotor 4 is temporarily stopped due to lack of the 
drive torque of the first actuator 5A, and the like, for example. 
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[0201] At step S45, it is determined whether or not the drive 
torque of the first actuator 5A is a maximum torque. In the 
case where it is determined that the drive torque of the first 
actuator 5A is not the maximum torque at step S4 5 , this operation 
proceeds to step S46. 

[0202] At step S46, an applied voltage to the first actuator 
5A is increased by one step. This causes the drive torque of 
the first actuator 5A to be increased by one step. Next, this 
operation returns to step S43 # and the same process after step 
S43 mentioned above is carried out. 

[0203] Then, the applied voltage to the first actuator 5A 
is stepwise increased at step S46 until it is determined that 
there is a change in the rotational amount (6m) of the rotor 
4 at step S44 or that the drive torque of the first actuator 
5A is the maximum torque at step S45. This makes it possible 
to increase the drive torque of the first actuator 5A stepwise. 
[0204] In the case where it is determined that the drive 
torque of the first actuator 5A is the maximum torque at step 
S45, this operation proceeds to step S47. In other words, in 
the case where, even though the drive torque of the first 
actuator 5A becomes the maximum torque, the rotor 4 cannot be 
rotatively driven, this operation proceeds to step S47. 
[0205] At step S47, the vibrating element 50 of the second 
actuator 5B is driven in response to the applied voltage 
controlled by the oscillating circuit 101 and the amplification 
circuit 102 so as to synchronize with the drive of the first 
actuator 5A, and then this operation proceeds to step S48. At 
step S48, it is determined whether or not there is a change in 
the rotational amount (9m) of the rotor 4, namely, whether or 
not the rotation of the rotor 4 is stopped. 

[0206] In the case where it is determined that there is no 
change in the rotational amount (9m) of the rotor 4 at step S48, 
this operation proceeds to step S49. Namely, in the case where 
it is impossible to resolve a stopping state of the rotor 4 due 
to a lack of the drive torque even though the drive torque of 
the second actuator 5B is added to the maximum drive torque of 
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the first actuator 5A, this operation proceeds to step S49. 
[0207] At step S49, it is determined whether or not the drive 
torque of the second actuator 5B is a maximum torque. In the 
case where it is determined that the drive torque of the second 
actuator 5B is not the maximum torque at step S49 , this operation 
proceeds to step S50. 

[0208] At step S50, an applied voltage to the second actuator 
5B is increased by one step. This causes the drive torque of 
the second actuator 5B to be increased by one step. Next, this 
operation returns to step S47, and the same process after step 
S47 mentioned above is carried out. 

[0209] Then, the applied voltage to the second actuator 5B 
is stepwise increased at step S50 until it is determined that 
there is a change in the rotational amount (6m) of the rotor 
4 at step S48 or that the drive torque of the second actuator 
5B is the maximum torque at step S49. This makes it possible 
to increase the drive torque of the second actuator 5B stepwise. 
Namely, repeating the process at steps S47-S50 makes it possible 
to increase the drive torque by means of the second actuator 
(sub actuator) 5B stepwise even though the drive torque of the 
first actuator (main actuator) 5A reaches its limit. 
[0210] On the other hand, in the case where it is determined 
that there is a change in the rotational amount (6m) of the rotor 
4 at step S48, this operation proceeds to step S53. 
[0211] At step S53, it is determined whether or not there 
is a difference between a rotational amount (6m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(0) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (6) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0212] In the case where it is determined that there is no 
difference between the actual measurement (6m) of the 
rotational amount of the rotor 4 and the target value (6) (i.e. , 
6 - 6m = 0) at step S53, the drives of the first and second 
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actuators 5A, 5B are stopped, thereby stopping the rotor 4. 
[0213] On the other hand, in the case where it is determined 
that there is a difference between the actual measurement (9m) 
of the rotational amount of the rotor 4 and the target value 
(0) (i.e., the value (0 - 0m) is not zero) at step S53, this 
operation returns to step S4 7 again, and the same process after 
step S47 mentioned above is repeatedly carried out. Then, in 
the case where it is determined that there is no difference 
between the actual measurement (0m) of the rotational amount 
of the rotor 4 and the target value (0) (i.e., 0-0m=O)at 
step S53, the drives of the first and second actuators 5A, 5B 
are stopped, thereby stopping the rotor 4. 

[0214] Further, in the case where it is determined that the 
drive torque of the second actuator 5B is a maximum torque at 
step S49, namely, in the case where the rotor 4 cannot be rotated 
due to the lack of the drive torque even though both drive torques 
of the first and second actuators 5A, 5B are increased to their 
maximum torque, this operation proceeds to step S51. 
[0215] At step S51, it is determined whether or not there 
is a difference between a rotational amount (0m) of the rotor 
4 inputted from the rotary encoder 8 that measures actual 
rotational drive of the rotor 4 and the target rotational amount 
(0) of the rotor 4. In other words, it is determined whether 
or not a rotational position of the rotor 4 reaches a proper 
rotational position that is a target value (0) , namely, whether 
or not the robot arm body 200 reaches a target position. 
[0216] In the case where it is determined that there is a 
difference between the actual measurement (0m) of the 
rotational amount of the rotor 4 and the target value (0) (i.e. , 
the value (0 - 0m) is not zero) at step S51, this operation 
proceeds to step S52. At step S52, an alarm is outputted and 
the first and second actuators 5A, 5B are stopped compulsory. 
[0217] By the alarm, a user can recognize that the rotor 4 
is not rotated due to the lack of the drive torque even though 
the drive torques of the first and second actuators 5A, 5B 
respectively become their maximum drive torques. 
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[0218] Further, when the drives of the first and second 
actuators 5A, 5B are stopped, each of the protruding portions 
51 of the first and second actuators 5A, 5B abuts on the outer 
circumferential surface of the rotor 4 in a pressure-pushing 
state, whereby the rotation of the rotor 4 is prevented and the 
robot arm body 200 is held at a present position, 
[0219] On the other hand, in the case where it is determined 
that there is no difference between the actual measurement (9m) 
of the rotational amount of the rotor 4 and the target value 
(0) (i.e., 9 - 0m = 0) at step S51, the drives of the first and 
second actuators 5A, 5B are stopped, thereby stopping the rotor 
4. 

[0220] The case where an initial rotational direction A of 
the rotor 4 is set to the normal direction Al to rotate the robot 
arm body 200 in a clockwise direction CI (see Fig. 1) was 
described. Contrary to this description, in the case where the 
robot arm body 200 is rotated in a counterclockwise direction 
C2 (see Fig. 1) , the initial rotational direction A of the rotor 
4 is set to the reverse direction A2 . In this regard, since 
the drive operation of the case where the initial rotational 
direction A of the rotor 4 is set to the reverse direction A2 
is the same as that opposite to the drive operation of the case 
where it is set to the normal direction Al, a description for 
this operation is omitted. 

[0221] According to this drive control, since the drive 
torques of the first and second actuators 5A, 5B are 
respectively (independently) increased stepwise, it is 
possible to rotatively drive the rotor 4 with a minimum drive 
torque (i.e. , a necessary and sufficient drive torque) against 
a load. This makes it possible to reduce power consumption of 
the drive unit 1 . 

[0222] Here, the rotor 4 may be rotatively driven with a 
difference between the drive velocities of the first and second 
actuators 5A, 5B at step S47 . This makes a countervailing power 
be generated on the rotor 4 . The countervailing power makes 
it possible to prevent shakiness of the rotor 4 and the robot 
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arm body 200 , and to carry out positioning of the robot arm body 
200 accurately. 

[0223] Further, an output characteristic of the first 

actuator 5A may be the same as or different from that of the 
second actuator 5B. 

[ 0224 ] As described above , the drive unit 1 rotatively drives 
one (single) rotor 4 (robot arm body 200) by cooperating the 
first and second actuators 5A, 5B, which are independent of each 
other. This makes it possible to change a posture or position 
of the robot arm body 200 arbitrarily. 

[0225] In particular, since the drive unit 1 rotatively 
drives the rotor 4 (robot arm body 200) by cooperating the first 
and second actuators 5A, 5B, a large drive torque can be obtained 
in comparison with the case where the rotor 4 is driven by means 
of a single actuator. In addition, it is possible to carry out 
the selection and adjustment of the drive torque in response 
to an increase in the load of the robot arm body 200 easily and 
surely. 

[0226] Further, since each of the first and second actuators 
5A, 5B is constituted from the vibrating element 50 described 
above, it is possible to obtain a large torque and a large detent 
torque. Further, this makes it possible to miniaturize (make 
thinner) and make lighter the entire drive unit 1. 
[0227] Moreover, since the rotor 4 is directly driven 

(rotated^ by means of the vibrating elements 50 of the first 
and second actuator 5A, 5B, there is an advantage for making 
the unit 1 lighter and thinner. In addition, this makes it 
possible to reduce the number of components, and simplify the 
structure of the drive unit 1 extremely, and further to reduce 
a production cost of the drive unit 1 . 

[0228] Furthermore, since a vibration of the vibrating 

element 50 in a plane is converted to a rotary motion of the 
rotor 4, it is possible to reduce an energy loss in a mechanical 
conversion. This makes it possible to drive the rotor 4 with 
high efficiency. 

[0229] Since the rotor 4 is rotatively driven in a frictional 
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sliding manner by propagation of the vibration from the 
vibrating element 50 unless in the case of driving a rotor by 
means of magnetic force (for example, normal electric 
(electromotive) motor) , the driving force to the rotor 4 becomes 
higher. Therefore, it is possible to drive the rotor 4 with 
sufficient force without using any variable speed mechanism 
(decelerating mechanism). 
[0230] (Second Embodiment) 

Next, a description will be given for a second embodiment 
of the present invention. 

[0231] Fig. 10 is a cross-sectional view illustrating a 
second embodiment of the drive unit according to the present 
invention. 

[0232] Hereinafter, a drive unit 1 in the second embodiment 
will be described, focusing on different points between the 
above-mentioned first embodiment and the second embodiment. 
In this regard, explanation of items including the same matters 
and the like is omitted. 

[0233] A difference between the second embodiment and the 
first embodiment described above is that the drive unit 1 of 
the second embodiment has a third actuator 5C other than the 
first and second actuators 5A, 5B. 

[0234] These first to third actuators 5A-5C are arranged 
along a direction parallel to a shaft 3 (a vertical direction 
(up-to-down direction) in Fig. 10). 

[0235] Here, output characteristics of the first to third 
actuators 5A-5C may be same or different from each other. 
[0236] It is preferable that, for example, the first actuator 
5A is used as a main actuator having a large output 
characteristic, and the second and third actuators 5B, 5C are 
used as sub actuators each having a small output characteristic. 
In this case, as shown in Fig. 10, it is preferable that the 
first actuator 5A is arranged between the second and third 
actuators 5B, 5C in the vertical direction. 

[0237] According to the second embodiment of the present 
invention, it is possible to obtain effects similar to that of 
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the first embodiment described above. 

[0238] Further, since three actuators are provided on the 
drive unit 1 in the second embodiment, it is possible to obtain 
a larger drive torque than in the first embodiment. 
[0239] In this regard, the first to third actuators 5A-5C 
are arranged along the direction parallel to the shaft 3 in Fig. 

10, but the present invention is not limited to this structure. 
For example, the first to third actuators 5A-5C are arranged 
along an outer circumferential surface (in the circumferential 
direction) of the rotor 4 in a same plane above a base 2 as well 
as the first embodiment described above . This makes it possible 
to make the entire unit thinner. 

[0240] (Third Embodiment) 

Next , a description will be given for a third embodiment 
of the present invention. 

[0241] Fig. 11 is a plan view illustrating a third embodiment 
of the drive unit according to the present invention. 
[0242] Hereinafter, a drive unit 1 in the third embodiment 
will be described, focusing on different points between the 
above-mentioned first embodiment and the third embodiment. In 
this regard, explanation of items including the same matters 
and the like is omitted. 

[02 43] A difference between the third embodiment and the 
first embodiment described above is that the drive unit 1 of 
the third embodiment has a decelerator (decelerating mechanism) 

11, and a rotational control (drive control) for a driven 
element by the first and second actuators 5A, 5B, i.e., a 
rotational control (drive control) of a robot arm body 
(controlled element) 200 is indirectly carried out through the 
decelerator 1 1 . 

[0244] The decelerator 11 is constituted from a main gear 
(rotor) 12 (as the driven element) on which the robot arm body 
200 is attached (joined), and first and second sub gears 13, 
14 each of which engages with the main gear (rotor) 12. Each 
of the first and second sub gears 13, 14 has a smaller diameter 
than that of the main gear 12, and the number of cogs in each 
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of the first and second sub gears 13 , 14 is less than that of 
the main gear 12. 

[0245] The main gear 12 and rotary shafts 17A, 17B are 
rotatably provided on the base 2 in both normal and reverse 
directions . The main gear 12 is fixed on the shaft 15 . Further, 
a first rotor (moving element or displacing element) 16A and 
the first sub gear 13 are fixed on the rotary shaft 17A, while 
a second rotor (moving element or displacing element) 16B and 
the second sub gear 14 are fixed on the rotary shaft 17B. The 
first sub gear 13 rotates integrally with the first rotor 16A, 
while the second sub gear 14 rotates integrally with the second 
rotor 16B. Thus, the main gear 12 works with (interlocks) each 
of the first and second rotor 16A, 16B. 

[0246] A protruding portion 51 of the vibrating element 50 
which constitutes a first actuator 5A abuts on (is provided in 
abutment with) an outer circumferential surface of the first 
rotor 16A in a pressure-pushing state. A protruding portion 
51 of the vibrating element 50 constituting a second actuator 
5B abuts on an outer circumferential surface of the first rotor 
16B in a pressure-pushing state. 

[0247] Further, a rotary encoder 18 is provided on the main 
gear 12 as rotational amount detecting means (or displacing 
amount detecting means) for detecting the rotational amount (or 
displacing amount) of the main gear 12. The rotary encoder 18 
is constituted from a slit rotating plate 181, and a sensor 182 
having a light emitting portion and a light receiving portion. 
The slit rotating plate 181 is fixed on a shaft 15. 
[0248] In the drive unit 1, when the first actuator 5A is 
operated (activated) , the first rotor 16 A and the first sub gear 
13 are rotated, thereby rotating the main gear 12. Similarly, 
when the second actuator 5B is operated (activated) , the second 
rotor 16B and the second sub gear 14 are rotated, thereby 
rotating the main gear 12 and the robot arm body 200. At this 
time, the decelerator 11 makes rotational speed of the rotors 
16A and/or 16B to be decelerated, whereby it is possible to 
obtain a large drive torque. 
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[0249] In this way, the decelerator 11 is provided in a power 
transmission path between the first and second rotors 16A, 16B 
and the main gear 12 in the third embodiment. Thus, the 
rotational control (drive control) of the robot arm body 200 
is indirectly carried out via the decelerator 11 by means of 
the first and second actuators 5A, 5B. 

[0250] According to the third embodiment of the present 
invention, it is possible to obtain effects similar to that of 
the first embodiment described above. 

[0251] In this regard, rotational amount detecting means (or 
displacing amount detecting means ) for detecting the rotational 
amount (or displacing amount) of the first rotor 16A, and/or 
rotational amount detecting means (or displacing amount 
detecting means) for detecting the rotational amount (or 
displacing amount) of the second rotor 16B may be provided on 
the rotors 16A, 16B, respectively. For example, a rotary 
encoder or the like can be used as the rotational amount 
detecting means. 
[0252] (Fourth Embodiment) 

Next, a description will be given for a fourth embodiment 
of the present invention. 

[0253] Fig. 12 is a perspective view illustrating a fourth 
embodiment of the drive unit according to the present invention. 
[0254] Hereinafter, a drive unit 1 in the fourth embodiment 
will be described, focusing on different points between the 
above-mentioned first embodiment and the fourth embodiment. 
In this regard, explanation of items including the same matters 
and the like is omitted. 

[0255] A difference between the fourth embodiment and the 
first embodiment described above is that the drive unit 1 of 
the fourth embodiment utilizes electromagnetic motors 
(electromagnetic motor mechanisms) each having an excited coil 
as an electro-mechanical converting element, as the first and 
second actuators 5A, 5B, respectively. 

[0256] A structure of the utilized electromagnetic motor is 
especially limited. For example, the excited coil may be 



47 



provided on a rotor side, or may be provided on a stator side. 
[0257] In the drive unit 1 of the fourth embodiment, a tip 
portion of a shaft 31 provided on the rotor of the first actuator 
5A is fixed to one surface of one end side of the robot arm body 
200, while a tip portion of a shaft 32 provided on the rotor 
of the second actuator 5B is fixed to the other surface of the 
one end side of the robot arm body 200. In this case, the first 
and second actuators 5A, 5B are assembled so that the centerline 
(rotational centerline) of the shaft 31 substantially 
corresponds with that of the shaft 32. 

[0258] According to the fourth embodiment of the present 
invention, it is possible to obtain effects similar to that of 
the first embodiment described above. 
[0259] (Fifth Embodiment) 

Next, a description will be given for a fifth embodiment 
of the present invention. 

[0260] Fig. 13 is a plan view illustrating a fifth embodiment 
of the drive unit according to the present invention. 
[0261] Hereinafter, a drive unit 1 in the fifth embodiment 
will be described, focusing on different points between the 
above-mentioned third embodiment and the fifth embodiment. In 
this regard, explanation of items including the same matters 
and the like is omitted. 

[0262] A difference between the fifth embodiment and the 
third embodiment described above is that the drive unit 1 of 
the fifth embodiment utilizes electromagnetic motors 
(electromagnetic motor mechanisms) each having an excited coil 
as an electro-mechanical converting element, as the first and 
second actuators 5A, 5B, respectively. 

[0263] In the drive unit 1 of the fifth embodiment, the first 
sub gear 13 is fixed to the tip portion of the shaft 31 provided 
on the rotor of the first actuator 5A, while the second sub gear 
14 is fixed to the tip portion of the shaft 32 provided on the 
rotor of the second actuator 5B. In this case, the first and 
second actuators 5A, 5B are assembled so that the centerlines 
(rotational centerlines) of the shafts 31, 32 are spaced in a 
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predetermined distance, and substantially parallel to each 
other. 

[0264] According to the fifth embodiment of the present 
invention, it is possible to obtain effects similar to that of 
the third embodiment described above. 

[0265] As described above, it should be noted that, even 
though the drive unit and the operating apparatus according to 
the present invention have been described with reference to the 
preferred embodiments shown in the accompanying drawings, the 
present invention is not limited to these embodiments, it is 
of course possible to make various changes and modifications 
to each element of sawtooth wave generating apparatus and the 
constant current circuit, and various elements described above 
can be replaced with any other element capable of performing 
the same or a similar function. 

[0266] In this regard, the present invention may combine any 
two or more constitutions (characteristics) in the first to 
fifth embodiments described above. 

[0267] Further, an actuator capable of driving in both normal 
and reverse directions is used as the actuator in the 
embodiments described above, but the present invention is not 
limited to this type. An actuator capable of driving in one 
direction may be used as the actuator. 

[0268] Moreover, the drive unit of the present invention may 
be adapted so that, for example, some of the plurality of 
actuators drive the driven element directly and the rest of the 
plurality of actuators drive the driven element indirectly. 
[0269] Further, in the above-mentioned embodiments, the 
driven element is a rotor or gear, and the driven element is 
adapted to be rotated by means of the driving force from the 
actuator. However, the present invention is not limited to 
these cases. For example, the driven element has a long-plate 
shape , and the driven element may be adapted to move in a vertical 
direction or linearly. 

[0270] Moreover, the number of the actuators is two or three 
in the embodiments mentioned above, but it may be four or more 
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in the present invention. 

[0271] Furthermore, the number of the driven elements is one 
in the above-mentioned embodiments, but it may be two or more 
in the present invention. 

[02 72] Further, in the embodiments described above, the case 
where the drive unit controls the drive of the robot arm in the 
simplified robot has been described as an example, but the 
present invention is not limited to the use for the drive unit. 
Namely, the operating apparatus is not limited to the robot arm 
in the simplified robot (the driven element is not limited to 
the robot arm body) . In other words, the operating apparatus 
of the present invention may be any type of apparatus 
Has the drive unit of the present invention and the controlled 
element driven by the drive unit. 

[0273] Japanese patent applications no. 2003-415312 filed 

December 12, 2003 and no. 2003-030139 filed February 6, 2003 
are hereby incorporated by reference. 
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